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3,535,165 United States Patent O6ce  Patented 20, 1970 

3,535,165 
GAS COOLED HIGH TEMPERATURE 

THERMOCOUPLE 
James E. Webb, Administrator of the Nalional Aero- 

nautics and Space Adminislration, with respect to an 
invention of George J. Zellner, Pitasborgh, Pa. 

Filed Mar. 6, 1968, Ser. No. 710,945 
Hnt. @I. MOlv 1/04 

U.S. el. 136-228 10 Claims 

Other objects and advantages of the inve~ltion v~iB1 be- 
come apparent from the following description and draw- 
ings in which like numerals are used throughout to iden- 
tify like parts. 

FIG. 1 is a longitudinal cross section .r>f a therma- 
couple probe embodying the invention: 

FIG. 2 is a cross-sectional view taken a?ong the line 
2-2 of FIG. 1; 

FIG. 3 is a cross-sectional view taken along the line 
3-3 of FIG. 1; and 

ABSTRACT O F  THE DISCLOSURE FIG. 4 is a cross-sectional view taken along the line 
4-4 of FIG. 1, 

A fluid cooled thermocouple probe in which a tube of Referring now to FIG. 1, there is shown a thermocouple 
noncircular cross-section is disposed in a closed-end tub- probe 10 including a tubular sheath 11 and a hollow 
ular sheath having a layer of insulating material on its cylindrical housing 12 having a cooling fluid inlet pork 
inner surface. Apertures are provided in the tube at the 13 therein near one end and a plurality of outlet ports 
end near the sheath closed end. An insulated wire is dis- 14 equally spaced around the housing near its other end. 
posed along the axis of the sheath and joined at the closed One end of the tubular sheath B B  which may be made 
end of the sheath to the tube. The sheath is retained in from a material such as tungsten-26% rhenium is tele- 
a housing having cooling fluid inlet and outlet means 20 scopingly retained in the hollow cylindrical housing 12 
which are in communication with passages formed by while the other end is formed into a closed end 15. A 
the noncircular tube. layer of electrical and thermal insulating material 16 such 

as magnesium oxide is disposed against the inner srrrface 
of the sheath 11 over a lengthwise portion of Ihe sbeatlr 

The invention described herein was made in the per- 25 11 adjacent to the housing 12. Other suitable materials 
formance of work under a NASA contract and is sub- such as Thoz, A103, BeO, HfOz, Zr02 or Y203 may be 
ject to the provision of Section 305 of the National Aer- substituted for MgO throughout the probe 10. 
onautics and Space Act of 1958, Public Law 85-568 (72 To the end that cooling fluid passages will be formed 
Stat. 435; 42 U.S.C. 2457). in the probe 10, a tube 17 having a noncircular cross 

This invention relates to temperature measuring devices 30 section is disposed within the layer of iinls~rlating material 
and is directed more particularly to thermocouple probes 16. As shown in FIGS. 2 and 3, the k b e  17 is elf gen- 
for use in high temperature environments. erally elliptical cross section and folms cooling fluid pas- 

It  is often necessary to measure extremely high tem- sages 18 and 19. While the tube 17 is of e1I1Eptical cross 
peratures, as for example, in nuclear reactors, rocket section in the preferred embodiment of the invention 
engines, and jet engines. At temperatures above 4000" 35 shown, a tube having any suitable noncircular cross scc- 
R., the sheath of a probe in which a thermocouple ele- tion may be utilized. Far example, tube 17 cmld be tri- 
ment is encased may last only several minutes before angular, rectangular, or any other multi-sided cross-sec- 
the probe is destroyed. The number of materials which tion configuration. 
are durable enough t o  last for any reasonable length of Again referring to FIG. 1, a plurality of apertrires 20 
time under such high temperature conditions is very lim- 40 lying in a plane pe~pendicular to [he longitudinal aitis 
ited. Additionally, most of the materials available for use of the probe and axially located between the end of the 
as insulating elements in a thermocouple probe will be- insulating layer 16 and the thermocouple end wall I5 
gin to ionize or will become semiconductors at tempera- are provided in the tube 17. 
tures above 4000" R. thereby causing errors in the elec- If desired, a portion 21 of the tube 17 extending be- 
trical signal being transmitted from the probe to a read- 43 tween the apertures 20 and the closed end 15 may be of 
out or recording device. circular cross section. This configuration permits easily 

Another problem that arises is that protective sheaths fabricated circular plugs and rings to be utilized in the 
are frequently attacked from within or from the external portion 21 as will be described presently. 
environment by small amounts of impurities or contami- Advantageously, the tube 17 which folrns the coding 
nants which are not a problem at lower temperatures. In fluid passages 18 and 19 serves as one element of the 
order to minimize these effects, various thermocouple thermocouple. In a preferred embodiment of the inven- 
  robe structures employing cooling have been developed. tion, the tube 17 is constructed of tungsten-26% rhenium 
In some of the prior art structures, tubes have been in- and serves as a negative element of the thermocouple. 
serted between the thermocouple elements and the sheath TO the end that a second pair of cooling fiuid passages 
to  direct cooling fluids through the probe. With such an I5 will be formed in the probe 10, a wise 22 extcnds through 
arrangement, both the size and complexity of the probe the probe 10 on its longitudinal axis. n e  wire 22 is en- 
are increased. Additionally, the probe is both difficult to cased in an insulator 23 constructed froin a material such 
assemble and expensive to manufacture. as magnesium oxide. As shown in FIG. 3, the insulator 

~ccordingly, it is an object of the invention to provide 23 frictionally engages the interior wall of the tube I7 
a new and novel fluid cooled thermocouple probe for use fin along the minimLlm diameter thereof. 
in extremely high temperatures. 

I t  is another object of the invention to provide a ffuid 
cooled thermocouple proble having a small diameter in 
comparison to prior art designs. 

It  is a further object of the invention to provide a 
thermocouple probe which is cooled over substantially 
its full length but in which a thermocouple junction con- 
tained therein is substantially unaffected by the cooling 
fluid circulated through the probe. 

It is yet another object of the invention to provide an 
improved thermocouple proble which is simple in con- 
struction and relatively inexpensive to manufacture. 

In order to minimize the contact area of the insulator 
23 and the tube 17, the insulator 23 is of circular cross 
section. However, as will be obvious to those skilled in 
the art, other cross-sectional shapes may be employed for 
the insulator 23 so long as the cooling fluid passages such 
as 24 and 25 are provided. 

A thermocouple junction 26 is formed adjacent to the 
closed end 15 of the probe 10. To form the junction 26, 
a weld 27 is deposited over an apertured plug 28 which 
is inserted into the end of the portion 21 of the tube 17 
adjacent to the end 15 of the probe I@. The plug may be 



3,535,165 
a; 

const~ucleil of tungsten-26% rhenium, by way of ex- 
4 

being formed made from metal, said tube and said 
ample. sheath forming first passage means therebetween, 
In a preferred embodiment of the invention, the wire a wire disposed in said tube coaxially with the tubular 

22 is tiinssten and serves as the positive element of the sheath, said wiie being insulated from said tube sub- 
ihern~oco~~plc. An annular ring 29 disposed around the stantially over the full length of said tube, said wire 
end of the tube 17 comprising the thermocouple junction and said tube forming second passage means therebe- 
serves lo position and support the tube 17 and the wire tween, said wire and said tube being of dissimilar 
22. Thc ring 29, by way of example, may be made of metals, said wire and said tube being joined at the 
tungsten-26 % rhenium. closed end of the sheath whereby a thermocouple 

To the end that the thermocouple junction 26 will be junction is formed, and 
substantially unaffected by cooling fluid directed through means for directing cooling fluid through the first pas- 
the probe 10, an apertured plug of insulating material 30 sage means between said tube and said sheath and 
is disposed in the portion 21 of the tube 17 and a ring of the second passage means between said wire and 
insulating mi:ieriai 31 1s disposed between the tube 17 and said tube whereby the thermocouple probe is cooled 
wall of the cylindrical probe 10. The plug 30 and the ring 15 sustantially over its full length. 
31 are longitudinally positioned between the end portion 2. The thermocouple probe set forth in claim 1 and 
15 of the piobe 10 and the apertures 20 thereby forming including coolant blocking means disposed in the tubular 
a chamber around the thermocouple junction 26. Because sheath, said coolant blocking means being axially posi- 
the plug 30 and the ring 38 prevent cooling fluid from tioned between the apertures in said tube and the thermo- 
entering the chamber portion of the probe 10 containing z0 couple junction whereby a chamber is formed around the 
the thermocouple junction 26, they may be termed cool- thermocotlple junction. 
ant blocking means. 3. The thermocouple probe set forth in claim 2 in 

Whatever voltage is produced oat the thermocouple which the portion of said tube lying between said coolant 
junction 26 is directed out of the probe 10 to suitable blocking means and the closed end of the sheath is of 
amplifying and recording equipment (not shown) by z5 circular cross section. 
means of a lead 32 connected to the tube 17 and via an 4. The thermocouple probe set forth in claim 2 and in- 
extension of the wire 22. Both the lead 32 and the wire 22 cluding a hollow housing having inlet and outlet means 
extension are enclosed in a suitable conduit 33 and serve for cooling fluid, the open end of said sheath being re- 
as signal carrying leads. A sealing material 34 as for ex- tained in said housing, and means for establishing com- 
ample glass, is disposed in the conduit 33 to  prevent cool- 30 munication between said inlet and outlet means and said 
ing fluid from entering the conduit from the housing 12 first and second passage means whereby cooling fluid is 
into which the conduit 33 extends. directed through the probe. 

The connection of the lead 32 to the tube 17 is accom- 5. The thermoco~~ple probe as set forth in claim 4 in 
plished, as shown in FIG. 2, by placing a suitable collar which said tube is of generally elliptical cross section and 
35 around the t~lbe 17 to  hold the lead 32 in contact 35 in which an insulator of circular cross section is disposed 
therewith. The collar 35 may be retained on the tube 17 on said wire. 
by a bead of weld 36, as shown in FIG. 1. By way of ex- 4. The thermocouple probe as set forth in claim 5 and 
ample, the collar 35 may be fabricated from tungsten- including a pair of signal carrying leads extending out 
24% rhenium. of the probe, one of said leads being an extension of said 

The Auid inlet port 13 in the cylindrical housing 12 is 40 wire and the other being held in contact wtih said tube 
iiolated from the outlet ports 14 therein by means of a by a collar disposed around said tube. 
ring of sealing material 37 such as glass or saurersin ce- 7. The thermocouple probe set forth in claim 1 and 
ment disposed between the collar 35 and the housing 12. including a pair of signal carrying leads extending out 
The ring of sealing material 37 is axially positioned be- of the probe, one of said leads being an extension of said 
tween the inlet port 31 and the outlet ports 14. 45 wire and the other being held in contact with said tube 

In operation, the sheath portion 11 of the thermocou- by a collar disposed around said tube. 
ple probe 10 is inserted into a high temperature environ- 8. The thermocouple probe as set forth in claim 1 in 
merit the temperature of which is to be measured. A which a layer of magnesium oxide is disposed against the 
cooling fluid, as for example helium, is supplied through inner surface of the tubular sheath to insulate said tube 
a pipe 38 to the inlet port 13 in the housing 12. The cool- j g  therefrom, and a magnesium oxide insulator is disposed 
ing Atrid Aows from the housing 12 toward the end por- on said wire to insulate said tube therefrom. 
tioa 15 of the thermocouple probe 10 through the pas- 9. The thermocouple probe s set forth in claim 8 in 
sages 24 and 25. m e  cooling fluid then flows radially which said sheath and said tube are tungsten-26% rheni- 
outwardly through the apertures 20 in the tube 17, to- um, said tube being of generally elliptical cross section, 
ward the honsing 12 through the passages 88 and 19 55 said wire being tungsten, and said insulator on said wire 
and then exhausts through the ports 14 provided in the having a generally circular cross section. 
Iiousing 12, As will be clear to those skilled in the art, 10. The thermocouple probe s set forth in claim 1 in 
the flow-direction of the cooling fluid may be reversed if which said sheath and said tube are tungsten-26% rheni- 
desired. um, said wire being tungsten. 

Bt is understood that changes and modifications may 60 
be made to the foregoing thermocouple probe without References Cited 
departing from the spirit and scope of the invention as UNITED STATES PATENTS 
set forth in the claims appended hereto. 2,943,132 6/1960 Jackson ------------ 136-219 

What is claimed is: 3,301,715 1/1967 Gerrard et al. ----- 136-233 X 
1, In a thermocoplple probe for use in high tempera- 65 3,466,200 9/1969 Mellor et al. -------- 136-228 

ture environments, the combination of, 
a tubular sheath having an open end and a closed end, CARL ID. QUARFORTH, Primary Examiner - 
a tribe of noncircular cross section disposed in said H. E. B E N ~ N D ,  ~~~i~~~~~ ~~~~i~~~ 

sheath and insulated therefrom, said tube having 
apertures therein adjacent the closed end of the T o  U.S. C1. X.R. 
sheath to allow passage of cooling fluid, said tube 136-233 




